Introduction
For a few years we have been intensively searching the liquid crystal orthoconic antiferroelectrics because of their unusual optical properties ensuring a perfect dark state and consequently a very high contrast [1] .
Many homologous series of esters, mainly of formula I, with perfluoroalkanoyl unit in the terminal chain have been prepared [2, 3] where P 1 and P 2 = 1 or 2.
They have low melting point and low melting enthalpy which enable us to formulate orthoconic mixtures existing in a broad temperature range. Unfortunately, they have a very short helical pitch at a room temperature, so is possible to obtain a well unwounded helical structure only in very thin cells (~1 µm). We are looking for a liquid crystalline material with the longer pitch so, the compounds with partially fluorinated alkoxyalkoxy terminal chain are prepared.
The two homologous series of three-ring compounds expressed by general formula II with r = 5, 6, and X 1 = H, X 2 = F or X 1 = F, X 2 = H or X 1 = X 2 = H or X 1 = X 2 = F are described here.
New, high tilted antiferroelectric broad range mixture W-232 with the longer pitch has been also formulated and characterized.
Synthesis
Esters synthesis was carried out by treating chiral phenol (C) with benzoic acid chloride [4] , see Scheme 1.
The efficient preparation of high optical purity phenol (C) was described recently in Ref. 5 . The laterally substituted (X 1 = H, X 2 = F; X 1 = F, X 2 = H) and unsubstituted (X 1 = X 2 = H) fluoroalkoxyalkoxy benzoic acids (A) were prepared according to Scheme 2.
For bilaterally substituted (X 1 = X 2 = F) fluoroalkoxyalkoxy benzoic acids (A1), the method shown in Scheme 3 was more convenient.
Experiment
All reagents were used for reactions as purchased ones, only toluene was dried by distillation over diphosphorus penta- HP5973N . Details of the synthesis will be described in another paper [6] . The sequence of phases and phase transition temperatures of the liquid crystals were measured by texture observation in "Biolar" polarizing microscope (PZO) equipped with "Linkam" TMS-93 hot stage. The temperatures of phase transitions and enthalpies were recorded by DSC "Setaram" 141 microcalorimeter in heating and cooling cycles at the rate of two degrees per minute.
The helical pitch in the pure compounds and their mixtures was calculated from the maximum of selective reflection of the light. For setting the maximum of selective reflection, the measurements of light transmission during a cooling cycle on Varian Cary 3 Ultraviolet-visible spectrophotometer in the range of 400-900 nm were made. Peltier elements were used for changing the temperature and the measurement temperature range was 5-100°C. The temperature was fixed with the accuracy of 0.1°C.
The well known dependence ë max = n × p connects the length of the selectively reflected light ë max with the helical pitch p of the compounds, where n is the average refractive index. For the tested chiral compounds, the average refractive index is about 1.5, thus the helical pitch can be calculated using the following relation p » ë max /1.5 [7] .
Mesomorphic properties
In Table 1 , the phase transition temperatures and enthalpies are given for DSC measurements in heating cycle. All compounds have anticlinic smectic phase (SmC Anti *) in a broad temperature range and synclinic smectic phase (SmC*) and orthogonal smectic phase (SmA) above it in a narrow temperature range. The temperature range of SmC* and SmA phases is narrower in series r = 5 than in series r = 6. For compound 7, the SmA phase disappears totally.
Helical pitch
The results concerning the helical pitch are listed below in Table 2 . All compounds show selective reflection in the visible range (about 500-600 nm) in the ferroelectric phase but in the antiferroelectric phase only compound 1 reflects the light in the visible range (about 700-900 nm) at the temperatures higher than 20°C, Figs. 1 and 2 .
To estimate the pitch of other compounds 2-8, the selective reflection of their 10 mol% mixtures in 1 were investigated. For the mixtures of 1 with compound 3 or 4 or 5, the maximum selectively reflected light is shifted to an infrared region and for the mixtures of 1 with compounds 2, 6, 7, and 8, the absorption is outside the spectrophotometer operating range. Thus, the values of a helical pitch for pure compounds are between 500-1500 nm (Table 2) 
Electrooptical properties
The multicomponent eutectic mixture W-232 composed of six compounds (Table 3) was formulated and electrooptical properties were characterized (Table 4) . Manufacturing processes of the cell test have been performed in a clean room environment. The 1.6-µm cell gap is controlled by the spacers inside the cell and in the sealing adhesive (gasket). Nylon-6 as orienting polymer (6.7 gdm -3 ) has been spin coated on both electrodes and then cured and rubbed in the same direction, finally the cell was filled with the mixture W-232. The electrooptical parameters were measured at 35°C. A standard characterisation protocol consisting of low frequency hysteresis curve (Fig. 3 ) and grey level generation (Fig. 4) was obtained when the cell is derived with a driving scheme given in Ref. 8 .
The mixture W-232 with an optical tilt saturates at 40 degree (at 35°C) and shows better electrooptical performance than the fully orthoconic mixture W-193B [2, 8] exhibiting a very short pitch with often avoided correct alignment, resulting in asymmetry in an electrooptical response and shows unsatisfactory dynamic behaviour and exceedingly high voltage levels. However, the electrooptical properties, measured in a cell filled with W-232, exhibiting long pitch and high spontaneous polarization (Ps = 230 nCcm -2 ), show lower threshold and saturation voltage, fully symmetric hysteresis curve and more linear greyscale. Consequently, these materials could be used for display application.
Conclusions
The compounds with partially fluorinated alkoxyalkoxy terminal chain have antiferroelectric phase in a broad temperature range similar to the compounds with partially fluorinated alkanoyloxyalkoxy chain. Their pitch is longer than 1000 nm for unsubstituted compounds (4, 7) or monosubstituted by fluorine atom in position 2 to the carboxylic group compounds (2, 6) .
The mixture W-232 with the longer pitch shows the same hysteresis curves for positive and negative pulses, but response times are still strongly asymmetric. 
